NASA LeRC's r o l e f o r DOE i s i n p r o j e c t management of propulsion system development and has r e s u l t e d i n i n d u s t r y c o n t r a c t s i n t e c h n i c a l a r e a s t h a t r a n g e f r o m d r i v e t r a i n components and b u f f e r s y s t e m s t o p r o t o t y p e p r o p u l s i o n systems. I n s u p p o r t o f t h i s w o r k , a Road Load S i m u l a t o r (RLS) F a c i l i t y has been c o n s t r u c t e d a t t h e LeRC t o a l l o w an independent government assessment under accurate and r e p e a t a b l e t e s t c o n d i t i o n s o f t h e i n d u s t r y d e v e l o p e d technology.
I n t r o d u c t i o n
Significant Department of Energy (DOE) emphasis has b e e n p l a c e d o n e a r l y c o m n e r c i a l i z a t i o n o f e l e c t r i c and h y b r i d v e h i c l e s . NASA LeRC's r o l e f o r DOE i s i n p r o j e c t management of propulsion system development and has r e s u l t e d i n i n d u s t r y c o n t r a c t s i n t e c h n i c a l a r e a s t h a t r a n g e f r o m d r i v e t r a i n components and b u f f e r s y s t e m s t o p r o t o t y p e p r o p u l s i o n systems.
I n s u p p o r t o f t h i s w o r k , a Road Load S i m u l a t o r (RLS) F a c i l i t y has been c o n s t r u c t e d a t t h e LeRC t o a l l o w an independent government assessment under accurate and r e p e a t a b l e t e s t c o n d i t i o n s o f t h e i n d u s t r y d e v e l o p e d technology.

Most development t e s t i n g has been conducted i n v e h i c l e s on t e s t t r a c k s o r on chassis dynamometers. These t e s t methods p l a c e s e r i o u s c o n s t r a i n t s on t h e a b i l i t y t o a d e q u a t e l y i n s t r u m e n t t h e s e s y s t e m s and t o c o n t r o l t e s t c o n d i t i o n s o v e r t h e l o n g t e r m . The RLS f a c i l i t y has t h e a d v a n t a g e o f p r o v i d i n g a s t a b l e y e t f l e x i b l e l a b o r a t o r y e n v i r o n m e n t i n w h i c h t o t e s t and o p t i m i z e a p r o p u l s i o n s y s t e m c o n c e p t p r i o r t o c o s t l y and l a b o r i n t e n s i v e i n t e g r a t i o n o f t h a t s y s t e m i n t o a vehicle. This paper w i l l d e s c r i b e t h e d e t a i l s o f t h e f a c i l i t y c o n s t r u c t i o n w i t h d i s c u s s i o n o f t h e s e l e c t i o n p h i l o s o p h y f o r i t s k e y
components.
Road L o a d S i m u l a t o r F a c i l i t y S y s t e m
The p r i m a r y r e q u i r e m e n t o f t h e RLS i s t o a p p l y t o t h e propulsion system a c o m b i n a t i o n o f f o r c e s made up o f t i r e losses, aerodynamic drag, road grade and vehicle i n e r t i a l e f f e c t s .
A block diagram and photograph o f t h i s s i m u l a t o r s y s t e m i s shown i n F i g u r e s 1 and 2 r e s p e c t i v e l y . Not shown i n t h e f i g u r e s a r e t h e instrumentation, control systems and power sources. Both a h i g h speed and low speed input shaft are p r o v i d e d t o t e s t v e h i c l e components and t o t a l p r o p u l s i o n systems. The t h r e e t o r q u e p r o d u c i n g components are the inertia wheels, the hydroviscous absorber and the combined clutch and drive motor. To v i s u a l i z e t h e need o r p h i l o s o p h y b e h i n d t h e s e l e c t i o n o f t h e s e components r e q u i r e s a l o o k a t t h e r o a d l o a d equation.
A v e h i c l e t r a v e l i n g on a roadway i s impeded i n i t s forward progress by a number o f m o t i o n r e s i s t a n c e s w h i c h i n t e r a c t t o p r o d u c e a n e t f o r c e on t h e v e h i c l e d r i v e a x l e . I n essence, t h e f u n c t i o n o f t h e RLS i s t o m e c h a n i c a l l y s i m u l a t e t h e e f f e c t o f t h e s e f o r c e s i n a c o n t r o l l e d t e s t e n v i r o n m e n t . T h i s c o m p o s i t e r o a d l o a d t o r q u e i s t h e a r i t h m e t i c sum o f t h e t i r e resistance, aerodynamic drag, vehicle inertia, and r o a d g r a d e ; t h e e q u a t i o n i s w r i t t e n : C o e f f i c i e n t s K 1 and K2 r e p r e s e n t t h e t e r m s r e l a t i n g t o t i r e f r i c t i o n ; K3 i s r e l a t e d t o f r o n t a l a r e a and d r a g c o e f f i c i e n t ; K4 i s r e l a t e d t o t h e i n e r t i a l t o r q u e a s s o c i a t e d w i t h a change i n v e l o c i t y ; and K5 i s r e l a t e d t o t h e r o a d g r a d e w h i c h may b e p o s i t i v e o r n e g a t i v e . I n d o w n h i l l o p e r a t i o n w h e r e t h e g r a d e i s n e g a t i v e , t h e Kg s i n 8 term can be large enough that t h e n e t t o r q u e i s n e g a t i v e .
To develop negative net t o r q u e a c l u t c h and constant speed ac motor i s p r o v i d e d as p a r t o f t h e s i m u l a t o r .
The Road Load Simulator
To e v a l u a t e t h e e n e r g y f l o w i n an experimental SAE J227a "D" cycle requires an accurate and vehicle system under transient conditions such as the r e p e a t a b l e method o f p r o d u c i n g t h e i n e r t i a l t o r q u e . A v e r y f a s t r e s p o n s e t i m e f o r t h e i n e r t i a l s i m u l a t i o n i s r e q u i r e d , e s p e c i a l l y when t e s t i n g p r o p u l s i o n systems u t i l i z i n g b a t t e r y s w i t c h i n g c o n c e p t s s i n c e t h e i n e r t i a l t o r q u e s change rapidly. Rapid response i s a l s o r e q u i r e d when t e s t i n g t h e smoothness of t r a n s m i s s
i o n s h i f t p o i n t s as t h e s e s h i f t p o i n t s w i l l l i k e l y b e i n t e g r a t e d i n t o t h e v e h i c l e c o n t r o l l e r i t s e l f . The dynamics o f t h e t o r q u e c o n t r o l s y s t e m o f t h e dynamometer must not interact with the dynamics o f t h e speed c o n t r o l s y s t e m o f t h e e x p e r i m e n t . Because o f t h e i n s t a n t a n e o u s r e s p o n s e c h a r a c t e r i s t i c s t h e e l e c t r i c a l d c dynamometer. The i n e r t i a wheel
a mechanical inertia wheel package was chosen over package c o n s i s t s o f a s e r i e s o f n i n e r e m o v e a b l e f l y w h e e l s on a shaft. By s e l e c t i n g t h e a p p r o p r i a t e combination of wheels, vehicle weights from 450 kilograms (1000 pounds) t o 3400 kilograms (7500 pounds) i n 57 kilogram (125 pound) increments can be simulated. A t t h e l o w speed i n p u t s h a f t a 1.7 gear
c-4 box was chosen t o c o u p l e t h e l o w speed i n p u t s h a f t t o t h e s i m u l a t o r s h a f t . T h i s r e d u c e s t h e w e i g h t o f t h e
i n e r t i a f l y w h e e l package and provides a b e t t e r m a t c h t o t h e a b s o r b e r and c l u t c h / d r i v e m o t o r components.
The f a c i l i t y c h a r a c t e r i s t i c s a r e s u m n a r i z e d i n F i g u r e 3.
A hydroviscous absorber i s used t o p r o v i d e t h e r o a d
l o s s e s d u e t o g r a d e , r o l l i n g r e s i s t a n c e , and aerodynamic drag.
The hydroviscous absorber and c l u t c h a r e each composed o f a s e t o f d i s c s f r e e t o move a x i a l l y i m n e r s e d i n h y d r a u l i c o i l (shown i n F i g u r e 4 ) (Ref.
1). The o i l p r o v i d e s v i s c o u s c o u p l i n g w h i c h v a r i e s w i t h t h e c o n t r o l l e d t h i c k n e s s o f t h e o i l f i l m between the discs. Viscous coupling i s i n c r e a s e d b y f o r c i n g t h e d i s c
pack c l o s e r t o g e t h e r . A hydraulic system (not shown) c o n t r o l s the disc spacing. This hydroviscous absorber and c l u t c h / d r i v e m o t o r a r e t h e k e y e l e m e n t s o f t h e simulator system and were chosen over the eddy current absorbers because they have a g r e a t e r c a p a b i l i t y t o a b s o r b h i g h t o r q u e s a t l o w s p e e d a n d provide increased torque response.
The speed-torque operating regions for each type dynamometer system a r e compared i n F i g u r e 5. The eddy current absorber shown i n t h e u p p e r c u r v e i s l i m i t e d i n t h e l o w speed t h a t can be a p p l i e d t o t h e f i e l d o f t h e a b s o r b e r . h i g h t o r q u e regime by t h e maximum e x i t a t i o n c u r r e n t (The absorber must be capable o f p r o v i d i n g t h e maximum grade torque component a t z e r o speed.) This n e c e s s i t a t e s a servo disc brake be added t o absorb t h e e x t r a t o r q u e . Work funded by the U.S. Department o f Energy under I n t e r a g e n c y Agreement EC-77-A-31-1011.
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speed, w i t h o u t a n y i n c r e a s e i n s i z e . I n c o m p a r i n g t h e system losses or drag of these two systems, it should be noted that the hydroviscous absorber does have a h i g h e r p a r a s i t i c d r a g due t o t h e v i s c o u s c o u p l i n g . T h i s p a r a s i t i c d r a g o f t h e h y d r o v i s c o u s a b s o r b e r does r e q u i r e t h a t t h e c o n t r o l b l e n d i n t h e c l u t c h / d r i v e m o t o r a t l o w t o r q u e t o b a l a n c e t h e s e l o s s e s . I n a 
t o r s i s d e r i v e d f r o m t h e s i m u l a t e d v e h i c l e c h a r a c t e r i s t i c s shown i n F i g u r e 7. The sumning o f t h e s e i n p u t s i n t h e f u n c t i o n g e n e r a t o r p r o d u c e s a t o r q u e comnand. T h i s comnand s i g n a l i s compared w i t h t h e a c t u a l f e e d b a c k t o r q u e f r o m t h e l o a d c e l l and t h e e r r o r s i g n a l i s a p p l i e d s i m u l t a n e o u s l y t o t h e absorber control and t h e c l u t c h c o n t r o l . The p a r a s i t i c l o s s e s o f t h e a b s o r b e r a r e b a l a n c e d b y o v e r l a p p i n g t h e a c t i o n o f t h e a b s o r b e r and t h e c l u t c h / d r i v e m o t o r . Experiment Control Options
Control of the propulsion system experiment may be i n e i t h e r t h e manual o r a u t o m a t i c mode. I n t h e manual mode, speed c o n t r o l o r t o r q u e c o n t r o l o f t h e a b s o r b e r may be selected. The manual c o n t r o l mode i s used p r i m a r i l y f o r s t e a d y s t a t e t e s t i n g s u c h as component e f f i c i e n c y c h a r a c t e r i z a t i o n o r s t e a d y speed range t e s t i n g . experiment i s used t o comnand t h e a c c e l e r a t o r and For dynamic t e s t s , automatic c o n t r o l o f t h e b r a k e c o n t r o l s o f t h e t e s t p r o p u l s i o n s y s t e m t o m a i n t a i n c o n s i s t e n t r e p e a t a b i l i t y o f t h e d e s i r e d t r a n s i e n t o p e r a t i o n .
The i n p u t comnand t o t h e experiment can be provided from two sources. The f i r s t i s a programnable waveform generator that w i l l o u t p u t a n y r e p e t i
t i v e d r i v i n g c y c l e such as t h e SAE J 2 2 7 a c y c l e s o r t h e FUDC. The second i s a t a p e i n p u t t h a t c o u l d be t a k e n f r o m t h e f i f t h wheel o f an a c t u a l vehicle mission. This would allow a v e h i c l e t o b e d r i v e n on t h e r o a d o r t r a c k , t h e n b r o u g h t i n t o t h e t e s t c e l l , i n s t r u m e n t e d and t e s t e d u n d e r n e a r l y t h e same i d e n t i c a l c o n d i t i o n s .
The B a t t e r y S i m u l a t o r
A b a t t e r y s i m u l a t o r c o n s i s t i n g o f a motor-generator s e t w i t h a c a p a c i t i v e f i l t e r n e t w o r k has been developed t o p r o v i d e a s t a b l e power source f o r t h o s e t e s t s i n v o l v i n g component mapping and long-term t e s t i n g . F o r t h e s e t e s t s t h e b a t t e r y s i m u l a t o r
has t h e a d v a n t a g e o f s i m u l a t i n g t h e b a t t e r y s o u r c e impedance w h i l e e l i m i n a t i n g t h e n o r m a l v a r i a t i o n s caused by state of charge and temperature or long t e r m e f f e c t s s u c h as age and b a t t e r y module replacement. The c o n s t a n t o u t p u t p r o v i d e d b y t h e b a t t e r y s i m u l a t o r is a n i m p o r t a n t t o o l i n s e p a r a t i n g combined effects on p r o p u l s i o n s y s t e m e f f i c i e n c y s u c h as b a t t e r y s t a t e -o f -c h a r g e and component temperature.
The I n s t r u m e n t a t i o n & Data Acquisition System
To c h a r a c t e r i z e a p r o p u l s i o n s y s t e m i n t e r m s o f power f l o w and component e f f i c i e n c y r e q u i r e s t h a t t h e system components be i s o l a t e d f r o m each o t h e r b y i n s t r u m e n t a t i o n .
I s o l a t i o n o f m e c h a n i c a l components E l e c t r o n i c w a t t m e t e r s a r e e m p l o y e d f o r t h e e l e c t r i c a l i s achieved by the use of speed-torque transducers.
power measurements ( r e f . 2 ) . These wattmeters d e r i v e t h e i r i n p u t s f r o m v o l t a g e -c u r r e n t p a i r s t a k i n g o r d e r t o measure t h e t r u e power. These primary c a r e t o p r e s e r v e each p a i r s phase r e l a t i o n s h i p i n measurements i n a d d i t i o n t o a v e r a g e v o l t a g e , c u r r e n t and temperature data are recorded on the Lewis
Research Center central data system. The data system i s o f an i n t e r a c t i v e n a t u r e so t h a t t h e e x p e r i m e n t e r c a n s e l e c t a 
Concluding Remarks
The RLS f a c i l i t y i s now f u l l y o p e r a t i o n a l a n d t h e "Near Term E l e c t r i c V e h i c l e " p r o p u l s i o n s y s t e m i s u n d e r t e s t . o f c o n t r o l has f r e e d t h e o p e r a t o r t o c o n c e n t r a t e a t t e n t i o n on t h e e x p e r i m e n t r a t h e r t h a n on f a c i l i t y operation.
The a b i l i t y t o make a c c u r a t e e l e c t r i c a l power measurements under t h e i n f l u e n c e o f a r m a t u r e c h o p p e r and f i e l d chopper operation has been demonstrated. The data system provides continuous measurement and r e a l -t i m e c a l c u l a t i o n and d i s p l a y o f e n g i n e e r i n g d a t a a l l o w i n g t i m e l y assessment o f t h e e x p e r i m e n t . A l l f a c i l i t y s u p p o r t s y s t e m s a r e o p e r a t i o n a l i n c l u d i n g t h e b a t t e r y s i m u l a t o r . E x p l o r a t o r y t e s t s p e r f o r m e d u s i n g t h e b a t t e r y s i m u l a t o r show t h a t s e p a r a t i o n o f b a t t e r y e f f e c t s on the propulsion system from other propulsion system effects (produced by temperature f o r example) are possible.
It i s e x p e c t e d t h a t t h e RLS w i l l p r o v i d e t h e g o v e r n m e n t w i t h t h e c a p a b i l i t y t o c o n t i n u a l l y a s s e s s t h e a d v a n c i n g s t a t e -o f -t h e -a r t i n E&HV p r o p u l s i o n enhance o u r a b i l i t y t o d i r e c t t h e R&D e f f o r t and t o system technology. T h i s e a r l y i n s i g h t should g r e a t l y 
